We report on new X-ray solution scattering experiments and molecular dynamics simulations conducted for increasing solute concentrations of N-acetyl-amino acid-amides and -methylamides in water, for the amino acids leucine, glutamine, and glycine. As the concentration increases, the main diffraction peak of pure water at Q = 2.0 Å −1 shifts to smaller angle for the larger leucine and glutamine amino acids, and a new diffraction peak grows in at Q ∼ 0.8 Å −1 for only the hydrophobic amino acid leucine. The unaltered value of the peak position at Q ∼ 0.8 Å −1 over a large concentration range suggests that a stable and ordered leucine solute-solute distribution is sustained. Simulations of the distributions of leucines in water that reproduce the experimental observable show that mono-dispersed to small molecular aggregates of two to six hydrophobic amino acids are formed, as opposed to complete segregation of the hydrophobic solutes into one large cluster. The scattering results for the hydrophobic leucine amino acid are contrasted with experiments and simulations of the model hydrophilic side chain glutamine and the model backbone glycine. The self-assembly process of protein folding modeled with these experiments, in particular the condensation to a hydrophobic core, shares similar issues with the desolvation phenomena that are important in drug discovery.
Introduction
The influence of aqueous solvent on the molecular recognition of drug substrates will be determined by the hydrophobic and hydrophilic character of the receptor sites and substrate, positions of the water binding sites, steric * To whom correspondence should be addressed. E-mail: TLHead-Gordon@lbl.gov effects, and the thermodynamics of 'desolvating' the ligand and protein active site in order to 'dock' the drug [1] . Crystallography has provided structural detail about protein active sites, complexes that they form with substrates or inhibitors, as well as sometimes characterizing the water binding geometries [2] [3] [4] . Transfer free energies of model compounds from organic liquids into aqueous solvent, and/or electrostatic effects determined from a solution to the Poisson-Boltzmann equation, have been used to provide for some estimate of solvation free energy changes on docking [5] [6] [7] [8] . To the extent that these approaches are lacking -either because of accuracy or computational cost -the discourse of this volume is to explore alternative approaches that might give new insight and ultimately promote improved solvation models that better predict drug binding affinity.
In a series of papers we have combined molecular dynamics simulations [9-13], neutron and X-ray solution scattering experiments [10] [11] [12] [13] [14] , and protein folding models [15] to deepen our understanding of hydration by placing greater emphasis on the varied chemical properties of the individual amino acids and on the complexity of the hydration interaction. Our work can be viewed as a model systems approach of determining the solution structure and free energy of amino acid association, beginning with early protein folding events when the concentration of amino acid solutes is dilute, to later stages of collapse when the increasing concentration contributes to the formation of a hydrophobic core [13] .
The self-assembly process of protein folding, in particular the condensation to a hydrophobic core, shares similar issues in desolvation phenomena that are important in drug discovery. With our approach, an appropriately designed combination of solution scattering experiments and simulations on amino acids can also be used to characterize hydration structure or free energy of stabilization of hydrophobic or hydrophilic solute distributions. Information about hydration for these systems can be useful in understanding the solvation state of the protein active site, or in relation to similar functional groups of the amino acid solutes that are shared with the drug of interest.
In this article, we describe X-ray solution scattering results on the behavior of N-acetyl-leucine-methylamide (NALMA) and N-acetyl-leucine-amide (NALA) in water as the concentration of the blocked amino acid increases. The results for this hydrophobic amino acid are contrasted with the results obtained for a hydrophilic amino acid, N-acetyl-glutamine-amide (NAQA), and the model backbone N-acetyl-glycine-methylamide (NAGMA). As the concentration increases, the main diffraction peak of pure water at Q = 2.0 Å −1 (where Q is the momentum transfer, related to the scattering angle as Q = 4π sin (θ/2)/λ) shifts to smaller angle for NALMA, NALA, and NAQA. In addition, a new diffraction peak grows in at Q ∼ 0.8 Å −1 for only the hydrophobic
